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EXPERIMENTAL PROGRAM 

Test  Sections. 

par ts  has  largely been completed for  Boiler #1, Condenser #1 and 

The machining of the tes t  section component 

#2. Welders have been qualified for L-605 to the standards required 

by the project specifications. 

ceeding on certain subassemblies. 

may delay completion of the tes t  section. 

tubing and the Mo-0. 5 Ti alloy tubing. The L-605 pieces have been 

delayed due to rejection of a hollow tube which did not meet  specifi- 

Welding of the tes t  sections is pro- 

The lack of severa l  cri t ical  pieces 

The limiting i tems a r e  L-605 

cations, A new hollow tube h a s  been processed and is ready for rocking 

to finish s ize  at Michigan Tube. 

Mo-0. 5 Ti  tubing using stock dies and mandrels not suitable for  this 

alloy. Difficulty was encountered with two hollows before the proper 

The vendor attempted to draw the 

corrective action w a s  taken. 

drawing process and heat treat a r e  under surveillance by F P L D  

New tooling has been procured and the 

materials engineers. The f i rs t  tube to be produced will be t r immed 
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and two sample joints prepared. 

to determine tne acceptability of the joint design and the tubing. 

the cycling test  I s  favoraDle the Mo-0. 5 T i  tube w i l l  be used. 

up L-605 tube is on hand and can oe used in the event i t  is required.  

These joints w i l l  be thermal cycled 

If 

A back- 

The expansioii bellows for  the boiler test  section have passed the 

static tes t s  and one sample will be cycle tested during August. The 

tes t  conducted to date included pressure tightness and deformation a t  

1800 F with 100 p s i  external pressure.  
0 

Mass spectrometer  tes t  resul ts  

prior to and following the pressure tes t  were better than MIL-STD 271 A 

requirements.  

The horizontal and vertical condensers for  the 50 K W  test  system 

have been completed. These t e s t  sections are  .6263 and . 2647 inches 

I. D. respectively. Data wi l l  be obtained a t  temperatures  up to 1600°F 

on these units to supplement the data to be obtained in the 300 KW test  

system. 

A prelirl-inary tes t  plan has been worked out f o r t h  e 50 KW tes t  system 

to cover approximately 30  runs. 

first the boiler heat mput and the liquid metal  flow rate .  

at the condenser inlet w i l l  be established by air cooling conditions and 

the throttle valve. It is planned to run all tes t s  fo r  the horizontal unit 

T+*ese runs wi l l  be se t  up by establishing 

The pressure  
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and a representative selection of tes ts  for the vertical unit . 

completion of these tes ts  suitable inser ts  w i l l  be tested. 

gation of insert  details is underway and several  designs w i l l  be selected 

in the next month. 

After 

An investi- 

Instrumentation 

Thermocouple procurement for the several  types of data temperature  

measurements  has been initiated. Several  s izes  of Pt-Pt 10 Rh alloy 

have been ordered as w e l l  a s  nich2ome and L-605 sneath materials for 

the 300 KW Test System. 

The difficulties in making a suitable swaged W - W - 2 6  Re thermocouple 

have precluded i t s  ,se. 

be required and the W-W-26  Re w i l l  be ased. 

High purity MgO w i l l  be used fo r  the insulators. 

In the 100 KW system swaged elements w i l l  not 

Prel iminary pressure  drop measurements wi l l  be made with the 

diaphragm pressure  instruments in the 50 KW tes t  loop. . F i v e  of these 

instruments have been procured and w i l l  b e  installed to obtain measure-  

ments up to 1600'F. 

A magnetic flux meter  and reference standard have been procured 

to calibrate the permanent magnets of the electromagnetic flowmeter. 

This devLce wi l l  ,e used f i r s t  on tile flowmeter for the 50 KW loop. It 

is expected to be able to determine flux density to + 1%. Such 
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calibration will be performed on a periodic basis  to a s s u r e  continuous 

measurement precision. 

Arrangements have been made to set  up the X-ray densitometer in 

conjunction with the 50 KW test. 

and liquid/vapor mixtures. 

cation of the sensitivity of the device and any improvements required may 

be  detected before operation of the 300 KW test .  

Observations w i l l  be made for liquid 

These measurements should give an indi - 

Test  Plan . 

fi lm boiling heat t ransfer  data to correlate  with the mixing length 

analysis.  

to  correlate due to the lack of the t ransport  property data, particularly 

vapor viscosity and thermal  conductivity. 

Weatherford have been reviewed and some modification to these methods 

w i l l  be utilized to obtain new analytical resul ts .  

viscosity o r  thermal  conductivity measurements f o r  potassium and sodium 

vapor is therefore most urgent for correlation. 

Several requests have been made for  thesis resul ts  on 

It is now recognized that liquid metal  resul ts  may be difficult 

The existing resul ts  by 

The need for  either 
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MATERIALS SUPPORT 

L-605 Aging Investigation 

Study of the aging behavior of L-605 is continuing, and addi- 

tional data has been obtained concerning 

cooling ra te  on the aged ductility, 

(1) the influence of the 

(2) the effect of pre-aging heat 

treatments and aging on the mechanical properties at elevated tem- 

perature,  and 

on the ductility af ter  prolonged exposure to potassium. 

several  different heats of L-605 are being investigated. 

all sheet specimens used for  corrosion and aging tes ts  were f rom 

heat No. 30801, except for  the specimens of specially prepared low 

(3) the effect of pre-aging heat treatments and aging 

In addition, 

Previously,  

carbon mater ia l .  

The data in Table I indicates that slow cooling from the aging 

0 temperature  of 1600 F can result in slightly better room temperature  

ductility than rapid cooling. This suggests that some unknown 

reaction, in addition to the sluggish precipitation of C02 W, may 

occur and influence the aged ductility to a limited extent. E the effect 

of cooling rate  applies over the entire t ime-temperature range of 

aging, it could be advantageous because slow cooling wi l l  generally be 

applied during loop operation. 
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TABLE I 

THE EFFECT OF COOLING RATE ON THE DUCTILITY OF L-605 

* 
AFTER AGING FOR 100 HOURS AT 1600°F 

F. C. A. C. W. Q. 

1.5 T Bend Test  a t  Room Temp. 

Heat L-1693 (.15611 thick) 
Heat L-1202 (. 064" thick) 
Heat 30801 (. 064" thick) 

22O 12O 13' 
37O 31 39O 
5 6' 49O 3 9 O  

Tensile Test  at Room Temp. 

Heat L-1202 
U. T.S. psi  156,700 157,800 154, 300 
0.02% Y.S. psi  68,400 69,800 59,700 
0. 270 Y . S .  psi 83,800 85,600 88,800 
70 Elong. in 1" 15. 3 11. 8 11. 8 

* The initial material  was solution annealed pr ior  to aging. 

0 Tensile and s t r e s s  rupture data have been obtained at 1600 F with 

mater ia l  aged for 1, 000 hours at 1600°F, following the solution anneal 

at 2250°F and following a pre-aging anneal of 4 hours at 2100°F (Tables 

I1 and 111). The rupture l i fe  of all the specimens is well within design 

expectations, and significant ductility was obtained in the rupture and 

0 tensile tests. U s e  of the pre-aging anneal at WOO F after the usual 

solution anneal appears to improve the rupture ductility significantly, 

without greatly reducing the rupture strength. The same  treatment 

resu l t s  in a slight improvement in the already adequate tensile ductility 

and notched to unnotched ratio of the tensile strength. 
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TABLE I1 

160OoF LIFE TO RUPTURE AT 15.000 PSI 

~ t .  L-1695, Soiu. H.T. 
t 1, 000 h r s .  a t  1600°F, A. C. 

20% G. W. Material, H. T. 4 hrs. 
2100°F t 1, 000 hrs .  at 1600°F, A.C. 

108.7 h r s .  1870 Elong. in 1" 

* 
96.8 h r s  22% Elong. in 1" 

Ht. L-1695, Solu. H. T. t 4 h r s .  
2100°F t 1, 000 h r s  at 1600°F, A. C. 80.9 h r s  31q0 Elong. in 1" 

* Samples supplied by the Haynes Stellite Go. f rom a special heat 
for  which in-process anneals were below 2100OF. 

TABLE I11 

1600°F TENSILE DATA ON AGED L-605 

* 
20% C. W. Material  * , Solu. H. T. 2Q% C. W. Material , Solu. H. T. 

+ 1, 000 h r s .  at 1600°F, A. C. t 4 h r  8 .  2100°F Anneal 
t 1, 000 h r s .  at 1600°F, A. C. 

** w 
Unmtched Notched U nno t c h e d Notched 

U. T . S .  psi 39,500 55,200 37,900 60,400 

. 2 0 %  Y.S. p s i  26,150 - 30,150 - 
7'0 Elong. in 1" 41 46 - 
0. 02% Y. S. psi  22,950 - 24,700 - 

- 

Ratio U. T.S. notched = 1.4 Ratio U. T.S. notched = 1. 6 
U. T.S. unnotched U. T. S. unnotched 

* Samples supplied by Haynes Stellite Go. f r o m  a special  heat 
for which in-process anneals were below 2100OF. 

** Sheet specimens; notch radius 0. 005", notch depth 0. 070" per 
side, unnotched width 0. 303". 
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Additional data describing the aging behavior are being obtained 

f rom specimens exposed to potassium in a recent se t  of static capsule 

tests, and the bendtest  results a r e  included in Table IV. 

which received a pre-aging treatment at 2100 F are significantly more  

ductile than solution annealed specimens af ter  subsequent annealing at 

lower temperatures;  however, it is a lso  apparent that the pre-aging 

treatment did not completely stabilize the mater ia l  with respect  to 

subsequent aging embrittlement a t  lower temperatures .  Relatively 

low values of ductility are indicated, even with the pre-aging t rea t -  

ment. 

Specimens 

0 

Comparing the bend test resu l t s  in Table IV with those previously 

reported fo r  capsule tes ts ,  it is particularily apparent that the 

decrease in ductility during 1 ,000  hours at 1700' and 1850'F is grea te r  

in the present case.  The test specimens were obtained f rom different 

heats of L-605 in each case,  and this may account for the difference 

in aging response. 

Additional experiments a re  in progress  to document the properties 

of aged mater ia l  and to investigate the effect of pre-aging t reatments  

on several  heats of L-605. 
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Potas  sium Environmental Effects 

Several  static capsule tests have been completed recently, and 

evaluation of the tes t  specimens is in progress.  These tes ts  were 

conducted to obtain more  extensive data describing the behavior of 

(1) Cb-1Zr as a getter material, (2) L-605 in the absence of a 

getter material ,  and (3) L-605 specimens f rom a different heat of 

material  and with a pre-aging heat treatment.  

ination is generally indicative of mild corrosion, and the L-605 

weight l o s s  is  somewhat less  than that observed in the previous cap- 

sule tes ts .  

section. 

Prel iminary exam- 

The bend tes ts  results a r e  described in the preceding 

One of these capsules failed between 800 and 1 ,000  hours a t  

1850OF. 

corrosive attack of the 0. D. surface over a l a r g e r  region (about 0. 3-  

inch dia. ) a t  a location removed f rom the closure welds. The number 

of successful tes t s  conducted under s imilar  conditions and the local 

nature of the attack in this case suggest that the failure occurred a t  a 

defective region in the L-605. 

beginning of the program from available stock without extensive inspec- 

tion, and there w a s  visual evidence that the tube had been severely 

contaminated in a few spots during heat treatment.  

It had a 0. 01-inch dia. penetration and accompanying 

This tubing w a s  purchased at the 

It is  possible that 
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one of these contaminated regions passed visual inspection, leading 

to the capsule f a i lu re .  Metallographic examination, however, has 

not provided conclusive evidence of defective material ,  and it appears 

doubtfui that a good understanding of this failure w i l l  be obtained. 

Evaluation of the L-605 thermal  convection is continuing: 

1. 

with helium and found to be leak tight. 

The L-605 tubing in the cooling leg has been leak tested 

2 .  

the points of arcing indicates that melting did not extend 

completely through the tube wall. 

Metallographic examination of the L-605 heater tube a t  

3. 

leg was 0. 0008%. 

The weight loss  of the L-605 s t r ip  specimen in the heater 

Expectations a r e  that intersti t ial  element 

t ransfer  alone would have contributed to a l a rger  weight 

decrease.  

Additional evaluation of the loop and contained specimens is in progress .  

Joining L-605 to Molybdenum 

Three 0.5 -inch 0. D. Mo-0. 5 Ti to L-605 tube joint specimens 

were vacuum induction brazed successfully, and two of these a r e  being 

prepared for thermal cycling tes ts  in potassium. When the 1-inch 0. D. 
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Mo-0. 5 Ti  tubing is received, additional joints wi l l  be brazed and 

evaluated, preparatory to using this tubing for  the 300 KW loop heat 

t ransfer  tes t  section. 

100 KW Test  Section DeveloDment 

F o r  development of a radiation heated t e s t  section, relative 

emissivity measurements a r e  being made on Cb-1Zr with various 

surface finishes and coating materials.  In addition, specimens of 

Cb-1Zr with several  coatings are being subjected to prolonged heating 

at 2200 F in order  to evaluate the coating stability and to determine 

the extent of reaction with the columbium alloy. 

0 

As p a r t  of the study of thermal conduction heating, a feasibility 

program on gas pressure,  diffusion bonding of tantalum to alumina 

coated Cb-1Zr alloy specimens has  been initiated with Battelle 

Memorial Institute personnel. 

be a 6-inch long heater section which will be evaluated at FPLD during 

steady state operation and thermal cycling. 

The end product of this program w i l l  
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TEST SYSTEMS 

300 KW Tes t  System. The s t ruc tura l  provisions and utility 

services for iiisidiaiioIi of this system are virtually complete. The 

major cGmponents a r e  expected to be shipped in August by the vendors 

and erection w i l l  follow immediately. Some potential schedule problems 

have been identified and efforts made to assist the vendor with expediting 

as mucAl as possible. 

piping subassemblies.  

bil lets rnade up by Haynes which did not meet  the ultrasonic specification, 

The major delay appears  to be associated with the 

The final run of 3-1/2 inch O.D. pipe had L-605 

requirements.  It w a s  necessary to  obtain new billets and a severa l  week 

delay can be anticipated in receipt of this tubing. 

required for the subassemblies a r e  under scrutiny to prevent delays. 

Other components 

Some additional fabrication by G. E. in lieu of subcontractors may help 

the schedule situation. As an  example, the stand pipes for  both the 

pr imary  and secondary loop will be fabricated in the erection shop by 

G. E. ra ther  than by Struthers  Wells, the original vendor. These i tems 

a r e  of simple geometry and the pieces can be readily fabricated at 

Evendale. The heater,  pumps, and most  of the valves a r e  expected to 

be delivered in August. 

to be a schedule problem and attention is being given to this i tem,  

The throttle valves f rom Fisher-Governor appear 

These 

valves can be installed in the  field ra ther  than as part  of the subassemblies.  

This would keep the delay in the facility completion to a minimum. 



-14- 

The electrical  equipment and control panel is on schedule and some 

installation has been completed, 

a r e  available f rom existing equipment and a r e  being moved to the tes t  

cell. Checkout d this equipment w i i i  begin immediately, on cornpietion 

of installation. 

The instrumentation i tems for  readout 

100 KW Test System. 

and  ihe procurement of all components has been initiated. 

The design of this facility has been completed 

The project 

schedule indicates the i tems to be obtained and the current estimate of 

completion. The limiting item w i l l  be the vacuum tank and pumping 

equipment. This equipment is  on order  f rom National Research 

Corporation. 

tight valve between the diffsuion pump and the mechanical pump to permit  

operation with inert gas if that appears most desirable. 

Provision has been made to isolate the tank by a vacuum 

Tests a r e  pre- 

sently planned to give information on the most suitable environment for  

t h i s  test .  

The tes t  section development has continued on the direct  electrical  

heated unit using diffusion bonding. 

consist of thermocouples attached to the w a l l s  of the tube and in a well 

in the mixing chamber a t  the discharge of the tes t  section. 

well will a lso be provided for  use with the brightness pyrometer.  

drop measurements will be made using a differential diaghragm type gage 

Temperature  measurement wi l l  

A calibration 

P r e s s u r e  
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ac ross  the boiler tube. 

The Cb-1Zr for  the valves, piping, and accessor ies  has  been ordered 

from Wah Chang and is readily available. The bimetal joints to the stain- 

l e s s  s teel  tank has  been designed. 

and cycle tested prior to acceptance of the final joint. 

Several  sample joints w i l l  be fabricated 

50 KW Test System . 

on hand and erection has been started. 

Al l  items of equipment for  this test  system a r e  

Provisions for  300 KW Test System 

instrumentation check out have been made. 

inch condensers should be obtained in August. 

Some data on the 3 / 4  and 3 / 8  
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